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partons: MRST2002
NNLO evolution: Moch, Vermaseren, Vogt
NNLO W.Z corrections: van Neerven et al. with Harlander, Kilgore corrections
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_(A high-p- physics programmeI_

7

Tevatron Run Il, pp at \s = 1.96 TeV
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Now:

More challenging T channels

Differential cross-sections

High-precision measurements
of Standard Model parameters
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( Outline W

4 A

o (pp—Z2) . Br(Z—7t)

do, / dy
do, / dp;

FW
I (invisible)

\_ /
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CDF and DO

| 4
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Muon Scintilfators
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l Muon Chambers
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R —

=3 Drift chamber to | n|<1

Further tracking from Si
Calorimeter to | n|<3
Muon system to | 1]|<1.5

Fibre tracker to | 1]|<1.8
Calorimeter to | n|<4
Muon system to | n|<2

/
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( W and Z selection W

/ Electrons:

good EM shower shape

small hadronic energy

isolated in calorimeter

well-matching good track
(except far forward)

Muons:

isolated

| \">"~.._Neutrino

Underlying event

MIP in calorimeter

hits in muon chamber
well-matching good track

]
I , $
Muon WA AONGSET S
\ '-._-‘-.....:v ,. "’
L

Jet

Z selection:
2 oppositely-charged electrons or muons
invariant mass consistent with m,

W selection:
exactly one electron or muon

energy imbalance in reconstructed
event, associated with neutriy
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Taus at DO

\_

The elements:

calorimeter cluster (cone R<0.5)

energy concentrated in inner cone R<0.3

tracks in inner cone, mass<1.8GeV

EM sub-clusters in finely segmented
shower-max layer of calorimeter

Three DO tau categories:

1-prong:

1 track, no EM sub-cluster

1-prong + neutral: 1 track, 21 EM sub-clusters

3-prong:

DY Run Il Preliminary
1-prong - mc

= jet data

0 NN output score 1

>2 tracks, 20 EM sub-clusters

~N

New: improved tau
E; measurement

Neural net separator trained
on variables measuring:
isolation
shower shape
calorimeter—track correlations

DZ Run Il Preliminary

1t 1-prong TMC
b +neutral

= jet data

0 NN output score

1

DZ Run Il Preliminary
4 3-prong TMC

= jet data

oot

0 NN output score 1
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Select Zeruj:h from inclusive muon trigger. Additionally:

p:* > 15 GeV
p* > 15 GeV
opposite charge

Backgrounds:

QCD (bb) data-driven from same-sign events
EWK backgrounds from MC

12

m. = [(P +P_+ )2
vis T T
t /Ff DO 1fbt
24
> . >
8 22 1-prong OS Data G
3 20 | 7 't 3
+— 18 _ -
5 . B other Ewstt | §
“ — W=y -

1 %
Bl SsData

l250
visible mass / GeV

P
200
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100 150

-h
(=]
(=]

DO 1fb!

+ neutwrailso'S Data

7 T
B Other EWst
— W=lv
1 %
Bl SsData
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®
o
L]

20~

200
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% 50 100 250

visible mass / GeV

Events / 5 GeV

scalar sum p; of T tracks > 15GeV or 5 GeV
NN > 0.9 or 0.95

DO 1fb!

60

50

30
20f

10

: 3-prong

—*— QS Data
7 T

B Other EWat
— W=y

Bl SsData

250

visible mass / GeV
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-

Total 1511 events observed, ~20% background

o (pp—Z) . Br(Z—7x)

~N

CDF and D@ Runll Preliminary

\_

= 240 + 8(stat) £ 13(sys) + 15(lumi) pb Ep
: = NNLO MRST2004

Systematic source Value 300,'_ PP — Z+X — ll+X I
Tau Energy Scale 1.0% = [ I
Tau ID 2.7% -g_ : A
Tau track reco 1.6% T 250 svit
QCD background 1.6% @ o
W—unv background  0.5% XN - |

: o o 200~
Trigger 2.7% - mDO(e) ® DO()
Muon track match 0.8% s ® Runll  pow o CDF()
Muon identification  0.6% 150 1CDF(e) A CDF(3)
Charge misid 1.0% i Runl MD2(e) ©DO(y)
PDF 2.0% C [ICDF(e) © CDF(u)

H lllllllllllllllllllllllllllllllll
29 10

Total (excl lumi) >-2% %7 175 18 185 19 195 2 205
Luminosity 6.2% Center of Mass Energy (TeV)

/
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/ rapidity W

1500 CDF Run Il Preliminary with 2.1fb'1\
40005— H ( Z(cc)
et 3500 [ Z(CP)
— 30001 Z(PP)
2 2500
£ 2000}
€ :>: 1500
1000F
500 -
05 P MR IR S S S S S PR R S PR L
-3 -2 -1 0 1 2 3
. o 1 E+pz Boson Rapidity
Z production: rapidity y= —In observe complete kinematic range
2 E-p,
m e+
closely related to partonx:  x,, = Te’-’y (LO)
S e
X 1— _; CDF CDF CDF
09
0.8 \ - 5000 COF Run |l Preliminary with 2.1fb”
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/ rapidity

|

\_

h
- P EWK Background

/ CDF Run Il Preliminary with 2.1fb” [Jpata
S QCD Backgro
10° |-
Events S w0k
— B T —— L
s f L
I T S
I -
I 1
| -?; ‘ -2 -1 0 1 2 I 3
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Isolation E 06 5 5 5 -
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'S 0.5 _ ’ ' ‘ ... Z(CR)
Systematics: £ Z(PP)
. . X - combined
Detector material modeling g 041 : :
Background estlmates § 0.3 t ,éf:o Oof .E...". ..:é:...ooo..o oee oo::"
. .o . « . . Q. g . " . . A .
Electron identification efficiencies R .. i,
S - ;! : * i e
Silicon tracking efficiency L 02y e P
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W. " l N e *
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Boson Rapidity
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/ rapidity
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Data/Theory

Data/Theory

Data/Theory

14"NLO with NLO CTEG6.1M PDF

1.3 5—(J.Pump|in et al. JHEP 0207.012)
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» . r 1
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- CDF Run II Prellmlnary W|th 2.1 ib
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7

\_

~N

Measurement of Z p; tests QCD predictions for initial state gluon radiation

resummation / parton shower

}W ﬁm 2 with non-perturbative model
. 0 pQCD reliable

i py(2) LI 30 p(2)
multiple

2 soft gluon
radiation

RESBOS event generator implements NLO QCD and CSS resummation
(with BNLY form-factor)

Recent global fits suggest extra small-x form-factor /

L Aidan Robson Glasgow University 13/23 J




[ Zp, |

o /dp, Jrb/Gev

/ do/dp; / pb/GeV

pp—Z°X, Tevatron:vs=1.96TeV

Recent global fits suggest extra small-x form-factor
—implies p,(Z) broadened at high y

pp—2°X—e*eX, LHC:{/ s=14TeV

pp—Z°X, Tevatron:vs=1.96TeV \

» S > R
07 — No small-x broadening (BLNY) 8 e — No small-x broadening (BLNY)
0.6 - With small-x broadening E a0 T With small-x broadening
. Q . _ _
- st | ]
all y .
o 1
e
3.1 O 1o _I IL
" o s 1< 1s 20 25 20 3‘5 ) s 10 15 20 2s 30 3~5
0 p-(2)/ GeV 0 p:(2)/ GeV

pp—W*X—et*v, LHC:{/ s=14TeV

as > O3
- ) (x> =90 8 025 oix) = O
35 pMxy O, . =0013, x_ =0 ~ PG> O, cy=0.013, x, = 0.005
0
30 C o=
25 D ~ )
20 1
15 | | <25 D % 0.1 |ye| <25
10 ye S 25 GeV E o.0s PTe > 25 GeV
s§ P © 5 7 E>25Gev
06) ; 20 2s 30 §5 @ 6 s 10 1s 20 >s 30 §5
p-(Z) / GeV pr(W) / GeV

/

L Aidan Robson Glasgow University 14/23

J




[ £ Py
Selection:

p-(e,), p-(e,) > 25 GeV
|n[<1.10r 1.5<|n[<3.2 64k events, > 5k for |y, |>2
70<m_ <110

Backgrounds: fit m_, with templates

Regularized unfolding

' Unfolding method (input MC)
|__Fractional uncertainties Smearing parameters
9 0.5 w PDF
0 - w 0.15— .
E . k! - * Unfolding method (parameters)
46“ i g - :_ * QCD background
8 0.4+ " - ° p; dependence of eff. x acc.
(4] B 42 - e ———————————————————
f i B 0.05 R —
> 0
- o

& 0.3 2 _
o] :+ . — _.'--,_ H ' 1
0 B *. . o . = esscsccccc.. - - e ccccccacan
n - N, * 5 - : —— ;
: i ‘o’ | ! ~a=-0.05—0o el .
(1) 0-2-_ ’o‘.0+0++’+ 46‘ -

14 ) -

i -0.1 :—
0.1 i - - - . l - o ' l l
0

PRI ST S T S (R SRR T | 0 15 PN T 1 PR MU SR S S S P | PR S TR S N S PR
0 50 100 150 200 mE 50 100 150 200 250
\\ Z pT [GeV) Z pT [cy
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o

DJ, 0.98 fb™ ly|>2 \

S [ D@, 0.98 b =
3 0.081 S o1
& 0081 — ResBos E N ResBos with small-x effect
=+ I = 0.0l —— ResBos without small-x effect
D .06 " Doda g 0080 * D@ data
8 2 B - .
5 I Lo - I (curves normalised)
o B >é 0.06_::
— 0.04 = -k
0.04F
0.02 :
0.02f
S ) R TR R - S S T T e
Ziv* q. (GeV/c) 0 5 10 15 20 7 25 G {3/9
* eV/c
PRL 100 102002 (2008) T ¥ g (GeVic)

without small-x effect:
v?/dof =11.1/11

including small-x effect:

v2/dof =31.9/11

Data does not favour small-x broadening

\_ /
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-1

1/c x do/dq_(GeV/c)
33 3 3 3 3

—
<
~

\_

Kl'he complete spectrum:

PRL 100 102002 (2008)

Compare 4 models:
Resbos with default parameters
Resbos with additional NLO-NNLO K-factor
NNLO
NNLO rescaled at to data at 30GeV/c

- e [ -1
;b D 0.98f" ... ResBos & [ Doossi
L — — ResBos+KF E 1r ° ResBos 4 )
§ — NNLO z3>_. E ° ResBos+KF ; %
3 -~ Rescaled NNLO £05F ° NNLO by %
: D data s L Rescaled NNLO # g @ 0,7 * )
3 8 Ofporeerees R ST R SU T S SR PO 1
n - g
3 051
- 5
E (a) -1 (b)
1 11 II 11 II
R R TV R T RV R 1 10 10°
Ziy* q_ (GeVic) ZIv* q.(GeV/c)

Aidan Robson Glasgow University 17/23




_( W width W

/FW predicted in Standard Model: I3,°M =209312 MeV (Renton, hep-ph/0804.4779) \

Experimentally have access to transverse quantities:

m, = \/ZpTlpTV (1-cos¢,,)

* Data

MC template: 'y, = 2.5

—— MC template: 'y, = 2.1

— MC template: 'y, = 1.6
Bckgd

10° £

10° |

#Events/5GeV

0.01 — Breit Wigner

10%

“normalisation — Gaussian

- region
10P—P 0.005—
fit region
1 ‘ ‘ l ’ F
1 L L ] 1 1 | 1 ! 0 1 1
50 100 150 200 ° 08 ! b 2

\ M; (GeV) /

L Aidan Robson Glasgow University 18/23 J




107

10

[

W width

|

/Generator:
LO MC

matched with

Resbos (QCD ISR)

and Berends/Kleiss (QED FSR)

Backgrounds

CDF Run 11 (350 pb™)

muon energy loss

Fast simulation for templates:
electron conversions + showering

parametric model of recoil energy

(QCD, underlying event + brem)
AI'=54 MeV (ele), 49 MeV (mu)

CDF Run Il (350 pb™)

10°

Mulijet [1.35%]
LW v [2.04%]
[ ]Z>ee [0.17%]
Z — 1t [0.12%)]

102 &

[

L R 61 H.Hul T

10"

107 =

100

F]Z > up [5.66%)
LW v [1.98%]
Multijet [0.29%)]
DIF  [0.15%]
Z 1t [0.12%)]

150mT (GeV)ZOO 50 100

150mT I(GeV)2°°

#Events/0.4 GeV

#Events/0.4 GeV

CDF Runll (350 pb™)

|

F*°=1.10+0.04

-scale=0.9989+0.0004

| %/dof=27.1/22

I ¢ Tracking scal
AI'=1 eV, 26
100;
S
0 85 90 95
m_ (GeV)

tu
CDF Runll (350 pb™")

| S°EM_1.0244 + 0.0008
150/
L k=(1.49 + 0.29)%

[ %?/dof=18/22

100
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|

CDF Run Il ( 350 pb™)

CDF Run Il (350 pb ")

I, =2032 = 73 (stat+sys) MeV

/% - T, =(2118+ 60) MeV % E T, =(1948+ 67) MeV
S 10° x*/dof [fit range] =19/21 S 10* x*/dof [fit range] =17/21
D : x’/dof [full range] = 32/29 ) : x’/dof [full range] = 21/29
c c
§ 10° L « W o evdata g 10° - « W —puvdata
L — W — ev MC + bckgd I# — W — nv MC + bckgd
*® bekgd : bekgd
10° |- 10? 3
10 % 101
) I 1 —— ) S B
50 100 150 200 50 100 150 200
PRL 100 071801 (2008) M; (ev)(GeV) M, (uv)(GeV)

World most precise
single measurement

/

Compare to CDF indirect measurement (I,°M=2093 2 MeV)
o 6(pp — W (W v M value hep-ph/0804.4779
o(pp—>Z W) S 1 (indirect) = 2092 + 42 Mev
\ NNLO calc From LEP J Phys G 34 2457
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[ Z invisible width )

/Fz(invisible) measured very precisely indirectly \

from LEP: I(invis) = 500.8 + 2.6 MeV

However combined direct LEP measurement:
I5(invis) = 503 + 16 MeV

Tevatron measurement uncorrelated

/E/T + single jet channel

4

Selection:
54 > 80 GeV

I(inv)  ofZ+1jet) . Br(Z— inv) Eet > 80 GeV
L) = ofz+ljet). Br(z— ) second jet £;<30 allowed
but > 3 jets £,>20 rejected

= Nobs — Nbck

o(Z—ll+1jet) . L Must be corrected for different acceptance

of “1-jet’ selection in Z—vv versus Z—l|
\ (applied after lepton removal) /
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Z invisible width

|

N

[+

(=]

o
T

SM Prediction

—e— [Data ‘

— EWK Background
== (QCD Background
> 20001 CDF Il Preliminary (1.0 fb™)
O]
o { ?
T1500 EWK ‘background
7 .
£ includes Z—vv
{11000 prediction
500}
0 1 on ‘ .
100 150 200 250 300 350 400
Missing E, (GeV)
2200F
2000 H ++ —e— Data o
SM Prediction
1800} = EWK Background
=== (QCD Background
>1600 - 7
CDF Il Preliminary (1.0 fb°
(G400 v )
1200}
21000}
c
2 800
600}
400f
200}
M

150 200 250 300 400

Leading Jet E;, GeV

350

W—1tv 2010 £ 69
W—uv 1570 £ 54
W—ev 824 + 28
Z—ll 873
QCD 708 + 146
v+jet 209 +£41
non-collision 52+52
Z—VV 3203 £ 137
Total predicted 8663 £ 332
Data observed 8449

Measured o(Z—ll+1jet) = 0.555 + 0.024 pb

I5(inv)

TZ—('”')— = 5.546 £ 0.506

I5(inv) =466 + 42 MeV

N, =2.79 +0.25
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( Summary W

W and Z cross-section measurements underpin the Tevatron
high-p; physics programme

Dedicated measurements are harnessing the high statistics datasets:
improving tau identification
testing higher-order calculations and PDFs and probing QCD
making precision measurements of SM parameters

\_
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Backup

Backup
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/ Tevatron parton kinematics LHC parton kinematics \

109 3 UL LI LY LA LLL IR LLLL IRLELELLLLLL L ELLLLLY ""”% 109 E UL L L L L IR LLLL B L L LLL B L
F X, = (M/1.96 TeV) exsy) ] F X, = (M/14 TeV) exp) ]
10y Q=M 3 10 Q=M M=10TeV ,
10 — — 10 — .
106 ;_ M=1TeV —; 106 ;_ """"""""" =
Nd04 ;_ E Nd04 = 0RO -
i F\= 6 4 P
10 ¢ 10 £ Q@/
10 F 10 £ smaller x E
100 I L ETIT ||||: 100 I R ETTT BN TTIT

107 10° ] ] ] 10" 10 107 10° 100 10 10° 10° 10 100
\ X (W James Stirling) X /
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( Taus at DO W

The elements: \

calorimeter cluster (cone R<0.5) E; measurement: _
o For E<100GeV, track p; & calorimeter
energy concentrated in inner cone R<0.3

_ E; are combined for Types 2&3, and
tracks in cone R<0.3, mass<1.8GeV single it energy corrections derived

EM sub-clusters in finely segmented from special hadronic calorimeter
shower-max layer of calorimeter simulation.
Otherwise track p; used.
Three DO tau categories: Neural net separator trained
Type 1: 1 track, no EM sub-cluster on variables measuring:
Type 2: 1 track, 21 EM sub-clusters isolation
Type 3: 22 tracks, 20 EM sub-clusters shower shape

calorimeter—track correlations

D< Run Il Preliminary [ D& Run Il Preliminary [ DZ Run Il Preliminary
, Type 1 = TMC I Type 2 TMC i Type3 TMC
= jet data ! = jet data = jet data

\ 0 NN outputscore 1 O NN outputscore 1 O NN output score 1 /
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/ rapidity: shapes

|

(Y J— ,
/L 1.06 - > 1 c -~ ; K - 3"
O oo |2/nd 142978 ’ { o r o o, _g - QDF Run Il Preliminary with 2.1 fb
G b |P0  09889:000399 ) S osl o L, Q0 |-pata |
S TF|pt -0.03737:0.02397 S [ o \ A | gL eMC e
o0 1.03 = 02 0.09298 < 0.02657 | A .E _‘.., .‘+ Al
c 102} \ ' o |
i F . 0.3 i S S U S-S S S
= O g? i - | _
(8] 1_:_4 — 0.4 - __+_
2 ossl ‘ % | Tracking I - -
Q 097 ; H—— " -1 :: i CDF Run Il Preliminary with 2.1 b o L e :
c - CDF Run Il Preliminary with 2.1 fb WV ookl . N T Ol
U 09— -0'2- : '0'4- — 08 0B —— -3 -2 -1 0o 1 2 3 0o 1 2 3 4 5 6 7
: . ’ ’ I nr I Boson Rapidity Expected Silicon Layers
Calorimetry

2500+
25001~ I nl <0.4 2000- 0.4< I nl <0- ‘>). 0-6 B ) ) ) -1
2000 : c  [CDF Run Il Preliminary with 2.1 b~ Z(CC)
1500 s 2 05 | | ..Z(CP)
€ F [Total 2eP)
= ““F X 04 ..combined

ab— T 1] SRS S UUES ATV VS S iw G) — : )
10 E. 60 10 E. 60 e f
T T B 0 3 = .gl‘ : ...E‘.O. ]

1000 Q- - :" . ‘ .'E.. A A L]

6000 § N T .. : ‘. N .
800 5000 < 02 - . - oy It "
S0P 4000 - g . »

3000 = * S o B A .
oo 2000 01— * - ] . S .
200 1000 I ‘ B . 0 .

- -2 -1 0 1

Boson Rapidity
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DO Z rapidity

Z/y Rapidity
NNLO, MRSTO1

> - e Data | i
% 0.3 I I C Efficiency Errors
T — » Background Subtraction
Lo.25F CTEQ6M PDF Errors
- I
-1 AgLex o T IN EF e e Energy Scale ® Z-Vertex ® Z p;
- Statistical Error
0.2 5
~ w
- ©
0.15 15
- 5
= o
- w
0.1—
e = D Run Il Preliminary 102l )
- - D@ Run Il Preliminary
0 B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

\ Y(2) Y(2) /
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CDF do/dy

| v || o | stat. § | sys. § || material | BKG | tracking | ID | zvtx | calib |
0.05 | 69.81 | 0.74 | 0.59 0.13 | 006 | 000 | 057 | 0.00 | 0.09
0.15 || 7031 | 0.74 | 0.58 012 | 006 | 000 | 057 | 0.00 | 0.04
0.25 || 7118 | 0.74 | 0.59 011 | 006 | 000 | 057 | 0.00 | 0.03
0.35 | 69.99 | 0.72 | 0.59 010 | 007 | 000 | 058 | 0.00 | 0.00
045 || 68.06 | 0.70 | 0.58 0.08 | 006 | 000 | 057 | 0.00 | 001
0.55 || 68.29 [ 0.70 | 0.61 007 | 007 | 000 | 059 | 0.00 | 0.06

| 0.65 | 66.79 | 0.69 | 060 || 006 | 007 | 000 | 059 |0.00 | 001 |
0.75 || 67.13 | 0.70 | 0.61 0.06 | 007 | 000 | 060 | 0.00 | 0.00
0.85 || 65.15 [ 0.69 | 0.65 0.05 | 008 | 000 | 063|000 | 010
0.95 || 64.79 | 0.68 | 0.71 0.05 | 008 | 000 | 071|000 | 001
105 | 62.72 | 0.67 | 0.75 012 | 008 | 000 | 073 | 000 | 001
1.15 | 61.99 | 0.66 | 0.88 011 | 009 | 000 | 074|001 | 045
1.25 || 58.97 | 0.65 | 0.74 0.09 | 010 | 001 | 072|003 | 0.06
1.35 || 56.12 | 0.64 | 0.80 008 | 012 | 002 | 079|006 | 0.03
145 | 53.556 | 0.63 | 0.98 007 | 012 | 005 | 084 | 010 | 0.20
1.56 || 50.32 | 0.62 | L4 005 | 014 | 003 | L12|013 | 011
1.65 || 46.79 | 0.60 | 132 004 | 014 | 002 | L30 | 015 | 0.14

| 1.75 | 41.50 | 0.58 | 146 || 003 | 014 | 014 | 142 | 0.16 | 0.22 |
1.85 || 37.03 | 0.56 | 162 003 | 013 | 014 | L5 | 016 | 0.11
1.95 | 33.26 | 0.51 | 165 002 | 011 | 020 | L63|0.16 | 0.04
206 || 27.89 | 0.52 | L53 005 | 010 | 024 | 149 | 0.14 | 0.02
215 || 2248 | 050 | L29 0.04 | 008 | 022 | 126|012 | 007
225 || 1909 | 051 | L4 003 | 007 | o021 | L12]|010 | 001
235 || 1491 | 051 | 0.90 002 | 004 | 018 | 088 | 007 | 0.02
245 || 947 | 048 | 0.61 001 | 003 | 013 | 060 | 0.04 | 0.00
255 || 616 | 048 | 0.39 0.01 | 001 | 002 | 039 | 0.03 | 0.00
265 || 347 | 047 | 027 0.00 | 001 | 003 | 027 | 002 | 0.00
275 || 169 | 045 | 013 0.00 | 000 | 001 | 013|001 | 0.00

| 2.8 | LI1 | 064 | 011 || 000 | 000 | 004 |011 001|000 |

| 205 | 000 | 0.00 | 000 0.00 | 000 | 000 | 000 | oo | ooo |

| Total || 258.21 | 0.67 | 4.77 || 033 | 044 | 033 | 464 | 0.30 | 0.37 |
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Nadolsky et al: N L/
» global fits to HERA and fixed-target data suggest increased > e’
intrinsic p, carried by proton constituents, for interactions ,
involving only a small fraction of proton’s momentum N
. . : : e
=> they insert extra factor in differential cross-section ; L N

\ p,(Z) broadened at high y CDF /
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» LHC: beam energies ~7x higher than Tevatron /"
» Probing new part of phase space {
» Tevatron forward detectors map on to LHC central detectors \
I . o A W
\Problem. W/Z production is a benchmark ATLAS o /
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Leading order cross-section for Z production from quarks:

alqq — Z) :‘\,""2 Grms (gi + %) 8(8 — m%) (1)

+
¢ .
['he total cross-section is obtained by convolution with parton density functions (PDFs) f:

SU

& ocun(8) = [ dordry b7 Y {folmi) falza) + (a-2)} - (2)

Interested in higher-orders and in non-perturbative small pr region: write (in impact pa-

rameter b space):

ao on f *? . vy - \ r iy
g ™ / d°b eV Wb Q,z,,73) +Y (3)
dy dp; &

where Y is the regular part of the fixed order cross-section (small for py — 0), and:

sy —~ \ R n N ) oy \ { \ ¢ an
Wi(b.Q,x,x3) ~ L or2 € 7N folx,b) f7(za. b) (4)
S

This work was done in the 1980s. S is & Sudakov factor that 1s fitted to data.

Now Nadolsky et al. suggest using f] where

and

plr) = o : 5 + =3 3 (6)
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without small-x effect:
p; < 5GeV/c: yx%/dof = 0.8/1
p;<30GeV/c: x?/dof = 11.1/11

including small-x effect:
p; < 5GeV/c: x%/dof =5.7/1

\ p;<30GeV/c: x?/dof = 31.9/11/
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Indirect I, W
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